Introduction
Atrial fibrillation (AF) has become the most common persistent arrhythmia.
1 It interacts with left ventricular (LV) systolic function 2 and also makes reliable assessment difficult. 3 LV global longitudinal peak systolic strain (GLPS, also known as GLS), particularly the global average GLPS (GLPS Avg , which is the average of sectional GLPSs) measured with speckle tracking echocardiography (STE) has been well validated to assess global LV systolic function. [4] [5] [6] However, its application in patients with AF has been restricted due to the irregular heart rhythm intrinsic to AF , the constantly varying cardiac contractility coupled with the necessity of analyzing three separate apical views to get GLPS Avg . 2, 3, 7 Using the conventional 2DE imaging, GLPS Avg is determined after separate recording and analysis of apical 4-, 2-and 3-chamber LV views. The varying ventricular cycle lengths make difficult the tracking and matching of the speckles in AF patients, thus, the integration of strain measures from the three views would be either unfeasible or unrepresentative of cardiac function status for any of the three separately selected beats. 8 Consequently, most clinical studies concerning the global GLPS have excluded patients with AF. On the other hand, the past and present guidelines have been recommending all measurements performed on a minimum of five beats in patients with atrial fibrillation. 6 This also indicates that relatively accurate measurement would depend highly on reliable quantification for each beat. Generally, parameters involving more than one views, such as Biplane disk summation for LV volume quantification and GLPS Avg , would tell more of the actual functional status. 9 Real time triplane echocardiography (3PE), based on three-dimensional echocardiography, can demonstrate 3 two-dimensional (2DE) tomographic images simultaneously on a squad view using one matrix probe. 10, 11 When the triplane echo probe is apically
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placed, the apical 4-, 2-and 3-chamber views of LV can be shown at once within one ultrasonic view. Hence, apical 3PE may allow accurate single-beat measurement of LV GLPS Avg untethered by arrhythmia. It has been validated to evaluate LV volume and dyssynchrony with tissue velocity imaging. 10, 11 However, the combination use of 3PE and strain analysis with STE technique for evaluation of LV mechanics, particularly GLPS Avg in AF patients is limited. The present study was aimed to compare measurements of LV sectional and global average GLPS using 3PE and the conventional 2DE techniques in patients with AF.
Methods

Study Population
Patients with AF and age-and gender-matched subjects with sinus rhythm were prospectively enrolled consecutively during March 2012 and January 2013. All participants underwent 12-lead electrocardiography (ECG) examination, based on which they were divided into AF and sinus group. Patients with frequent premature atrial or ventricular beats were excluded. Informed consent was obtained from each patient and the study protocol conformed to the ethical guidelines of the 1975 Declaration of Helsinki as reflected in a priori approval by the institution's human research committee.
Echocardiography
Echocardiography was performed with a commercially available machine (GE Vivid E9, General Electric Ultrasound) which was equipped with 2 transducers: one was a M5S for conventional 2DE imaging, the other a 3V transducer for 3PE imaging, both sharing a frequency of 1.7~3.3MHz. Digital loops were stored for off-line analysis. The built-in automated functional imaging (AFI) software allowed measurement of segmental, sectional and global average LV GLPS using STE principle under both conventional 2-dimensional (2D-STE) and 3PE views (3P-STE).
Image acquisition
The images were obtained with the patient in the left lateral decubitus position. With M5S probe, the conventional parasternal and LV apical 4-, 2-and 3-chamber (A4CH, A2CH and A3CH) views were respectively and sequentially acquired; with 3V probe under the "tri-plane" mode and apically placed, these 3 views could be demonstrated in one ultrasonic view (Figure 1 ). The depth and width were adjusted so that the frame rate ranged from 40-80 frames/sec and the region of interest was kept within the sector. Imaging quality was scored as: 1, poor, LV contour was incomplete or unclear, inappropriate for strain analysis; 2, acceptable, artifacts existed but adequate for strain analysis; and 3, ideal, LV contour was complete and clear, ideal for strain analysis.
Echocardiographic parameters
The cardiac dimensions and volume were measured complying with the guidelines. 6 The sweep speed was set at 100m/s for measurement. Strain analysis was performed with AFI software built in the equipment, with which GLPS Avg could be averaged upon analysis of 3 apical planes. Measurements were averaged for five cardiac cycles in AF group and three in sinus group.
2D-STE
Strain analysis started from A3CH view. Select two intersecting points of LV wall and mitral annulus and one point at the cardiac apex at end systole, and a U-shaped LV region of interest would be developed. Each of the opposing walls was divided into 3 segments (base, middle and apex) and color-coded respectively. Adjust the width of region of interest to make it match with the wall thickness. For segment that was considered inadequately tracked for strain analysis, manual adjustment was made to ensure the speckles moved together with the myocardium. If>5 of the 6 segments were reliably tracked and approved for speckle tracking analysis, the images were accepted. Inadequately tracked segments were excluded from the analysis. Care was taken in patients with AF to choose A4CH and A2CH views that were of similar cardiac cycle lengths for 2D-STE analysis.
3P-STE
Strain analysis with 3PE was similar to the conventional method, starting from the A3CH view and followed by A4CH and A2CH views, except that the software would recognize and start analysis from A3CH view automatically and the three apical views were of the same cycle.
Intraobserver and interobserver variability
To determine intraobserver variability, the same examiner re-evaluated LV strain 4 weeks later using both modes. To determine interobserver variability, two independent examiners performed strain analysis respectively in 10 randomly selected patients. Repeat measurement was made at the same cardiac cycle of the same image for each patient to avoid the inherent variability caused by different cycle lengths.
Statistical Analysis
All numeric data were expressed as mean± SD, and categorical variables as frequency or percentage (%). Differences in variables between groups were assessed using the unpaired Student t-test for continuous data and nonparametric test for categorical data. Intra-group comparisons were performed with paired t tests or nonparametric test, and the absolute value of strain was used for comparison. Correlations were determined using linear regression analysis. Bland-Altman analysis was used to assess consistency between two measurements. Variability was assessed with the average difference between two measurements and intra-class correlation coefficient (ICC). All data analysis was performed using commercially available statistical analysis software packages (SPSS version 16.0; SPSS Inc., Chicago, Ill). Results were considered statistically significant when P value <0.05.
Results
A total of 40 consecutive patients with AF (68±11 years, male 53.8%) and 40 with sinus rhythm (66±15 years, male 55.3%) were enrolled prospectively. One patient in AF group was excluded for poor echogenicity, and two in the control group excluded due to poor ECG tracking or echogenicity. Table 1 showed the clinical and echocardiographic characteristics of 
16).
The frame rate of 3PE was dramatically lower than 2DE in both groups (Table 1) . Table 2 showed the number of segments adequate for analysis and finally acquired number of global GLPS. Notably in AF group, measurement with 3P-STE was achieved with more practicability than 2D-STE (97.5%vs.60.0%, P< 0.01).
The sectional and global average GLPSs measurements in AF group were consistently lower than that of the sinus group using both modes (Table 3 ). The correlation of LV GLPS measured by both modes was demonstrated in Figure 2 , of which GLPS Avg showed the best correlation (r=0.86, P=0.00 in both groups). With GLPS Avg measured by 2D-STE as the independent variable (X) and by 3P-STE as the dependent variable (Y), a linear regression equation could be established (Table 4 ). There was excellent agreement of GLPS Avg measured using the two modes ( Figure 3) . The reproducibility for strain analysis of each study group was revealed in Table 5 .
Discussion Findings
This prospective study was aimed to compare LV GLPS measured with3P-STE and 2D-STE and came to three major findings: 1). It was practical to measure LV GLPS in AF patients with 3PE and STE techniques; 2). GLPS Avg was of the best correlation and agreement among the longitudinal strain indices by both modes; 3). GLPS Avg had the best inter-and intraobserver reproducibility among the GLPS indices.
Data interpretation
LV global systolic function and deformation in patients with AF LV global longitudinal strain has been accepted as a valuable complimentary index to EF as an indicator of global LV systolic function. 6 The present study verified a fair correlation between GLPS Avg and EF, consistent with the previous studies. It is subject to various factors like age, 12 however, we showed that both EF and GLPS in AF group were lower than that of the age and gender matched sinus group. The possible mechanisms have been explored in experimental and clinical studies. Ling and colleagues 2 showed that irregular ventricular rhythm caused an alteration in ventricular cardiomyocyte excitation-contraction coupling and deteriorated LV systolic function, as was evidenced by clinical study. 13 Rapid heart rate that is frequently associated with AF is also responsible for the impaired LV function, as our study showed that the heart rate in AF group was significantly faster than the sinus control group. 14 Besides, loss of atrial contraction during AF decreases the preload and hence LV pump efficacy through Frank-starling mechanism. 15 Meanwhile, as shown in our study, the fact that patients in AF group were complicated with more cardiovascular diseases and on more medications of negative inotropic effects may also play a part for the reduced global LV systolic function in AF patients.
LV deformation assessed with 3P-STE in patients with AF
The present study evaluated LV mechanics in AF patients with sectional and global GLPS measures. LV longitudinal strain measured with STE has been recommended by the recently published guideline. 6 Automated functional imaging technique offers a user-friendly process for speckle tracking analysis as already demonstrated by several other authors. 4, 16, 17 Lee and colleagues 18 evaluated the role of strain values using automated function imaging for assessment of acute chest pain and showed its diagnostic and prognostic value. Our study provided further evidence for its usability in patients with AF. Conventionally, evaluation of GLPS measured with STE, particularly GLPS Avg , has been limited in AF patients, 3, 6, 7 owing primarily to the constantly varying cycle lengths inherent with AF and separate acquisition and analysis of apical views with the conventional 2DE approach. The present study utilized 3PE imaging for real time and simultaneous presentation of the three LV apical views and automated function imaging for analysis of strain measures, ensuring the accuracy for measurement of GLPS Avg on a single beat basis.
Published studies on 3PE imaging have validated its value for volume and deformation quantification. 11, 18 The present study extended its use for assessment of global LV mechanics into patients with AF, confirmed that the frame rate presented by 3PE was adequate for LV strain analysis, and showed significantly higher success rate of GLPS Avg measurement with 3P-STE (97.5%) than 2D-STE (60.0%) in AF patients (Table  2) . Cases in which GLPS could not be analyzed with 3PE were affected mostly by technical factors: poor image quality, reverberation or off-axis view of LV leading to inadequate tracking.
The present study showed that the correlation of GLPS parameters measured by both modes was consistently high in the sinus group, confirming the reliability of 3P-STE measuring GLPS, particularly considering the well validated value of 2D-STE. 19 Intra-group comparison showed that GLPS calculated by 3P-STE was 80~90% that of by 2D-STE. This may be associated with the lower frame rate in 3PE imaging than 2DE, which can induce discontinuation and de-correlation of tracking and reduce the ability to detect the maximal deformation. 20 The revelation that correlation and agreement of GLPS by the two techniques in AF group was similar to that in sinus group may also indicate that if 3 beats close in cycle length could be selected, GLPS Avg measured by 2D-STE was practical in AF patients.
Limitations
This study did not use tagged CMR as standard reference to assess the accuracy of GLPS measured with 3P-STE, but the conventional 2D-STE technique had been well validated as accurate and reliable both invasively and noninvasively. 21 The influence of cycle length variation on LV function in AF and the methods that select a representative "index beat" have been proposed in the literature. 3, 7 The present study did not select such beat, instead, complying with the recently published guideline, measurements were averaged from five cardiac cycles in AF group and three in sinus group. 6, 21 The subjects in the two groups were matched only with gender and age, hence, the inter-group comparison was reflective only of heterogeneity of the enrolled individuals. Further study with more comparable baseline data and more population is wanted to confirm the impact of AF on LV systolic function. 
